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WF e 2 2 W ELR R R Y ji AR S 4 B, AT
9T B A 45 MK BB IRk B E KRR
A B g 37K By 7 38 e 27 1% T B0 T 0 9 BE K
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BN RS20 (XU, 2021), K JEH, W ETIA
R IFIE— R G A0T, IR o iR, Sk
EIHFEKMER P Oy, i B/K A4 (Hardison et al,
2010), TJEREBER C. N. P2 B AR 1 i 7k 7K
i, HR WS IR A 0 A 5 4R i (Ogawa et al,
2015), [AIAF, WPE SRR CO, i 211 K
H, RRAIRIEEK Y pH, IR I, YR A Sk
BVARFSE R AE () 5% 1 (Witt et al, 2011)
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BEATVRA , 20 BT 1 SR80 B o ok I T U R AR e A
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FERIG: LW2), /N XM (BATT: XM1; BARJS:
XM2), RUELIL FH (B2 &HT: FH1; Z&&J5: FH2),
o, BRIPCRAE S S5 & WA R HRE, &£
WONFEREM; B SV RKURLL . /N S
TR U SR S SR R R IR R R R A, RR
YOI 5SS

FEACRE T TEEE N2 15 m, REZ 3 m
RERALIKHFE, B RFEACREKMES L, A 24T
EERHAE S, JERIH YSI E KRR . pH. EhE
GIRATER o SR FH O AR AR AR VT I B 2R i 7 3R
EYIFERL 500 g, 4 CAGIRFT R RISLE = .
1.2 KERBEBEEVHIAEELEFRN

Z W QNG 5 7 550 s
2 1 LE B WA ) (GB 17378.7-2007) i 5 A4 oK
WRERE R R, SR GEFERIITE 26 4
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(BOD). & A . WK . IEMEsEmREL . THLA . &
k9. As Fl Hg B+ & &, S (GB3097-1997 if /K
KFARAE ) WMaEKEbEE FASTE, M
(HY/T147.1-2013 g7 W AR FURRSS 1 R4y
K ) MK Cu, Zn, & Cr. Ni, Cd#il Pb &+
B (0 5 B 2 B A A N R LN [ [ AR vE DHY /T
147.1-2013), M COKFRHALD N E W H L 5
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(GB 17378.5-2007) %} >R 4 I e A i b A T A AILAK L At
k). KIAHERE. ZERKHHRE . Hg Al As B & a1
K, 2B QNI AR BURE 25 2385 DI )
(HY/T 147.2-2013)# 17 82 AE M H Cd. Pb, Zn, Cu
I Cr BT S AT . LRGN 5 A RAE A B TR KRR
Al Rl 2 SRAE R SRR i R R R B 3N R 4

1.3 7K R 5 A R AT IR 4 4G

FIH 10 £ 46 BEFR B R E KRR B 2 —
fEEUE , L 100 pl ¥4 T TSB (B A iR K G A 1)
RS TCBS (TCBS Biflg) a5 |, T 28 ‘CHHIRAH
PR REFE 24 hy FREX 1 g Be2SpEN, o S IinA
TGP 1.5% NaCl #IR i il , B R B — e AR IR
1% TSB A1 TCBS #5573 I, 28 CEE S 24 h,
ANBET 3 AT TSI o MR AH B L A TR %ﬁﬁ%ﬂ
B SR A R AR S, IF TR o L IR (5 B (%)=
AT 55 NP B+ T 35 5 2 TR S 40 100%

14 MRBEEE

WRIBHIETEA L Bt . K/ 5 SR AR

b B AN AT A T e A GE T, B BREL AR

) 40 B PR VR R AT 2l Ak B 3R R Al b i B YR T
PRAME R, HAET-80 CukAE N . R, BkEalifk)s

(FATE YK, FE T 100 pL ddH,O H1, 99 C4:j@in %L
f# 15 min, 4 °C. 12000 r/min &.0> 2 min 5B B
W, WA DNA RIS, RAJCH ddH,0 8%
W 2= 49 100 ng/mL, FI4E PCR #itlt DNA, A5
PR E 3NEE . RIS 27F/1492R (Xiong et al,
2014)iE1T 16S rDNA JFFI 4 3, P 3 r=4ik 4 T
A T AR () B A BR S wI R4 70 e, 000 P 45 6% 1)
B )75 NCBI B FEHEAT He X, e s i e
B,

1.5 ABEhE A ZEE R L

K38 PCR AN 7 i X S4B bk - 4 Fhifif 24
FE DR 5 s ) 5 DR A H A AU R A T R, S5 FH B
o 35 PR 24 66 TR A DL BTG R 3 JE AT 14) SE k A: H
L AIFE S RE I (Yu et al, 2023), T2y 3L A4
SIS strA strB, M2 QnrVC, il i 25 sul2;
1P VAC. vhh, tlh, [uxR. chxA Fi flaA,
Pl 95 CHIZEME 3 ming 95 ‘CA8 {4 30 s, KR
T (1% BB ARk 30s. 72 ‘CHEff 45 s, EFR
30¥K; 72 CIE 5min, 4 CI#£4E, PCR =¥ 1%
TN b 6 I P Uk EA T AL o 7 ) TR S5 24 BE K 5 |
K HGE KRS B L3 1 (Yu et al, 2023), B4
PRI E 3R, 1 [T JER H X

x1 XBFASY

Tab.1 Primers used in the experiment

g Gk %)% 51 (5'~3) R FNUN 1B R
Species Primer Primer sequence (5'~3') Amplicon size/bp  Annealing temperature/‘C
ifif 25 R A StrA F: TGGCAGGAGGAACAGGAGG 405 60
Resistance genes R: AGGTCGATCAGACCCGTGC
strB F: GCGGACACCTTTTCCAGCCT 621 61
R: TCCGCCATCTGTGCAATGCG
QnrvC F: AATTTTAAGCGCTCAAACCTCCG 521 56
R: TCCTGTTGCCACGAGCATATTTT
sul2 F: TCCGGTGGAGGCCGGTATCTGG 191 60
R: CGGGAATGCCATCTGCCTTGAG
ﬁ. 13k tth F: AAAGCGGATTATGCAGAAGCACTG 450 58
Virulence genes R: GCTACTTTCTAGCATTTTCTCTGC
VAC F: TCCGGTGGAGGCCGGTATCTGG
R: CGGGAATGCCATCTGCCTTGAG 737 >8
vhh F: AAAGCGGATTATGCAGAAGCACTG 934 50
R: GCTACTTTCTAGCATTTTCTCTGC
flaA F: CGAGTACAGTCACTTGAAAGCC 128 60
R: CACAACAGAACTCGCGTTACC
chxA F: TTCACGCTTGATGGCTACTG
634 56

R: GTCACCCAATGCTACGACCT
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BiER FH IBM SPSS Statistics 26.0, Excel 2016,
GraphPad Prism8.0 Fl Origin 2022 # {4 ab B, 45 5 LA
S HE £ i 22 (Mean+SD) % /1 . fifi ] SPSS 26.0 4t it
BRI 2R R G KR R A AL T T i AT RS
O 56 (Mann-Whitney U test), P<0.05 i} 2% 5 i % ;
fdiJH Origin 2022 43 #8443 At vY 15 552 4 7 5 P15 1
FIFHOCE

2 HRENH
21 MERANWESRERREASEREMER

W R RCHT, T8I R R A S R A R R 47
(5 1A B HIlEl 2A | B), WBHLIX(RIF, &k
RAERDIT R RS RY, RAOBEKEFSE; &
Y X (U0 ME . TR )R RS R, WREA
RIBEENE, (LAEK WA DR B S, B s
AR RO, MR . RUEILEREE )
R RS B, e A A TR L ORI RS
AR LA A BRI, BRI E A,

E KR (F 1C, D), 5 5 R AR AR 5
AT PR A 25, H R S M DR PR A 2SR AT
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Fig.1 Environmental and ecological status of U. prolifera
gathering area at Langya sampling site in basin

A. B: BIKHPRIRFER; C. D: AL IRIRMN
A and B: Langya sampling site before the outbreak;
C and D: Langya sampling site after the outbreak.

R, TGP EM LA, A 5 9 5Lk (I 1C,
D); IR, HAARA WS 2 Al B a6, 5
F B4 (K 2C. D).

K2 RELFERE SIS
Fig.2 Appearance and morphology of algae
samples at the gathering site

A, B: BEHTIRIRAE N C. D: B A5 RIRAE L
A and B: Langya sampling site before the outbreak;
C and D: Langya sampling site after the outbreak.
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S

X WE Y AR R TS T S K o AR R AT
B, Hob s 10 M5 FR HA 3% 2% 53 (P<0.05)
(&l 3), sKikr DO # &kl £ & iKY 8.79~9.88 mg/L
TREZ 4.48~7.44 mg/L(P<0.05), FHrfr, Py IX i
HRAEM LY 2 REE A DO HFE R N B3, FEE
448mg/L, COD., @A &, LHLAS &, M+
b, R SRR R R EET A Cd.
Pb, Cr. Cu %4 @& &y I F AL, (HAR
FESZETCHE X5, $h88 . pH., KIAHE#E. 8K
JmE e, BT A R (BODs) . WAlMREL . EEs T4 .
Hg. Zn. Se. Ni. FfLYW MBI & EAENHERE
HiJR 25,

ZSo R, WE RN, JFEECEECETS
MK, LW)TCHLA S it 3 s 1 P TSR T PN A1 PRl 3k
(RUELL AN B); Cd B F7EN W GRIFHLIX, LY)
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FRJE . BAE T A SRR A R HA ) 22 SR
A, &E . THLAE M COD & &7 NS X B 5
T AANEE I, H = 7 P97 i 2 SR A (B
X, LY) &R, B DO {E M BAL T HAl b X
(K 3).

TR ATIE TS REH (NS R X, LYL, LY2)
AR E M OFGOBM RS BIX, LWL, LW2)#F &
FES R AN A28 B TR R 8 R
W22 5 (I 4). ZRKAT, Wre R PA PR

Hg. Cd. Pb fll Cu & F &l FIEREM; BA)E,
W RAEHBAR A MR & B TAERER, HX
FAw R . ZKERE . Bifk® . Hg. Cd. Zn 1 Cu &
Toam TIERE, Hrh, KGWMBEMIE KN i
INAERE A K, B8 49 MPN/kg 1 23 MPN/Kg,
Wtk W & A 2 kK AT R 139 mglkg ¥ =
2.19x10* mg/kg. 7EiF & REH, HEREFLZ #E
HI Cd. Cr. As, Tifb¥&a3yrte, Hi, Byl
EHFERERARE, &Rk 2.19x10* mg/kg.
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Fig.3 Changesin environmental factorsin water before and after the outbreak of U. prolifera

LY: IRIBHIIX; LW: EiE#X; LX:

BN XM: /NEE; IS &V, FH: KURILL.

LY: Langyaregion; LW: Longwan region; LX: Lu Xun Park; XM: Xiaomaidao Island; JS: Golden Beach; FH: Fenghuang Mountain.
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Fig.4 Changesin biological organics and metal ionsin the clustered and non-clustered areas
of U. prolifera before and after the outbreak

LY1: BRFTRMHIK; LWL BEATREMX; LY2: BRFMRMIMIX; LW2: BRJ5REHIX,
LY1: Langyaregion before U. prolifera outbreak; LW1: Longwan region before U. prolifera outbreak; LY 2: Langya region after
U. prolifera outbreak; LW2: Longwan region after U. prolifera outbreak.
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)2 3 e, AR RN B2 R TR
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XF 44 RAE R AT R IR AN TR B AT A R WY, B AT
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£(9.3x10° CFU/mL), Ti7 P PN 25 48 3R el SR i T
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i 5 NG P Bl I R ) B mi B4, B AL Cr A NI S
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HAth Others
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B 5 WrE BTG v S A0 P AR 5
Fig.5 Proportion of Vibro in total culturable bacteria before and after the outbreak of U. prolifera

A: BEHI; B: 2K,
A: Before the outbreak; B: After the outbreak.
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Fig.6 Number of cultivable bacteriain the sampling sites
before and after the outbreak of U. prolifera

LY1: ZEATIRMMIK; LWL BRATREHIX; LX1: 5

BHTER R s XML: B HT/INAE By 5 IS1: 2T 4 V0 HE

FH1: ZAFTRURLLG LY2: BAGIREMIX; LW2: FE

JRIREHIIX ; LX2: BRFEMRAR; XM2: #ER/NE
By JS2: BRJGaUME; FH2: #KJ5 KL,

LY 1: Langyaregion before U. prolifera outbreak; LW1:
Longwan region before U. prolifera outbreak; LX1: Lu Xun Park
before U. prolifera outbreak; XM1: Xiaomaidao |sland before
U. prolifera outbreak; JS1: Jinshatan before U. prolifera
outbreak; FH1: Fenghuang Mountain before U. prolifera
outbreak; LY2: Langyaregion after U. prolifera outbreak; LW2:
Longwan region after U. prolifera outbreak; LX2: Lu Xun Park
after U. prolifera outbreak; XM2: Xiaomaidao Island after
U. prolifera outbreak; JS2: Jinshatan after U. prolifera outbreak;
FH2: Fenghuang Mountain after U. prolifera outbreak.
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Fig.7 Relationship between bacterial abundance and environmental factors in the coastal waters and algae of
Qingdao before and after the outbreak of U. prolifera (* P<0.05, **P<0.01)
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Tab.2 16SrDNA strain identification results
KT Before the U. prolifera outbreak # K J5 After the U. prolifera outbreak
LR S Btk RS Bk IR
Strain name Quantity/piece Strain name Quantity/piece
K E 459K V. gigantis 26 SO V. fortis 18
1 44 5 J 7 K TR 9 VEHEIUA V. alginolyticus 14
V. tasmaniensis
KPEPEIRA V. atlanticus 7 BRSCHT FCAER V. owensii 7
AR5 V. splendidus 6 B FCHIE V. tubiashii 5
FEFRINE V. cyclitrophicus 6 WA INE V. maritimus 5
7 R AR AT A P 4 ERLINE V. cholerae 3
Pseudoalteromonas nigrifaciens
a2 PN 4 %[GR V. chagasii 3
P. elyakovii
=4k JE WIKEE V. toranzoniae Jin# LR V. caribbeanicus
RN V. lentus 4 YR V. rotiferianus
AR [CINE V. pomeroyi B AL T
Microbacterium paraoxydans
1 O ZE 44T Bacillus haikouensis 1 DRI T B 2
Exiguobacterium profundum
£h 7 S e 2 AT T 1 )[R ARSI FFH Acinetobacter johnsonii 2
Mesobacillus jeotgali
VKT Psychrobacillus glaciei 1 R R RS A B 2
P. shioyasakiensis
8 % J6#F % Photobacterium piscicola 198 & ST Photobacterium lutimaris
AU AR 32 3 B0 M AT EVYEFINA V. mexicanus
P. arctica
B A PG 1 FEAE I V. comitans 1
Shewanella electrodiphila
Y1 J) A FLIGT S, sairae 1 AP V. hepatarius 1
R g FT & Psychrobacter fozii 1 BB INE V. coralliilyticus 1
#E3NTE V. anguillarum 1 [ P49NE V. brasiliensis 1
V. ulleungensis 1 FEFRINE V. cyclitrophicus 1
KR I V. kanaloae 1 R/ MT I E. aestuarii 1
KALHFINEE V. crassostreae 1 WA FLIGTHE S algae 1
K EL B Halomonas aquamarina 1
BT a7 A1 v A A 5 SR M T 1

P. arabiensis

et al, 2010; # R4, 2020), COD Frn/K ik JFEMEY)
i E i, COD i, UhBHKIARSZ A P 5 YL k™ &
(Kawabe et al, 1997), #F5E LB, W& K, COD
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M T80 3 2R 9 & AE (EHESs, 2021)
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Fig.8 Relative abundance of cultivable bacteria at sampling sites before and after the outbreak of U. prolifera
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Microbacterium paraoxydans
Vibrio crassostreae

u Vibrio lentus

= Vibrio ulleungensis

w Vibrio splendidus
Vibrio cyclitrophicus
Vibrio gigantis
Vibrio brasiliensis
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m Vibrio comitans
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Vibrio cholerae
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Shewanella electrodiphila
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Pseudoalteromonas arabiensis
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Vibrio maritimus
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Vibrio tubiashi
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LX2: BAEFEMRAR;

LY 1: Langya region before U. prolifera outbreak; LW1: Longwan region before U. prolifera outbreak; LX1: Lu Xun Park before
U. prolifera outbreak; XM1: Xiaomai Island before U. prolifera outbreak; JS1: Jinshatan before U. prolifera outbreak; FH1:
Fenghuang Mountain before U. prolifera outbreak; LY 2: Langya region after U. prolifera outbreak; LW2: Longwan region after U.
prolifera outbreak; LX2: Lu Xun Park after U. prolifera outbreak; XM2: Xiaomai Island after U. prolifera outbreak; JS2:

Jinshatan after U. prolifera outbreak; FH2: Fenghuang Mountain after U. prolifera outbreak.
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Fig.9 Detection rate of virulence genes and resistance genes of the dominant bacteria
before and after the outbreak of U. prolifera
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A: Virulence genes; B: Resistance genes.
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2012).
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Tab.3 Distribution of resistance and virulence genes of dominant bacteria before and after the outbreak of U. prolifera
i H & F13EH Virulence genes i} 25 5 A Resistance genes
Item VAC vhh tlh chxA flaA StrA strB QnrvC sul2
HER K E WG 0 0 6 0 1 0 0 0 0
Dominant V. gigantis
acterta.  yt e 9 o o 4 0 &6 0 0 0 0
V. tasmaniensis
KGN B 0 0 2 0 4 0 0 0 0
V. atlanticus
TR B 0 0 1 0 4 0 0 0 0
V. splendidus
(=378 N 0 1 1 0 2 0 0 0 0
V. cyclitrophicus
gt 0 0 1 0 9 3 2 0 2
V. fortis
BN 10 0 2 0 9 1 0 1 1
V. alginolyticus
[ S T E BN B 1 4 1 0 4 2 2 0 1
V. owensii
BN E 0 0 1 0 1 1 1 0 1
V. tubiashii
A 0 0 0 0 5 1 0 0 0
V. maritimus
EHELINEE 1 0 0 3 2 0 0 0 0
V. cholerae
IR 0 0 0 0 1 0 0 0 0
V. chagasii
T R 1 0 1 0 1 0 0 0 0
V. caribbeanicus
L W] 0 0 0 0 2 0 0 0 0
V. rotiferianus
MR E #KHT Before outbreak 0 0 13 0 26 0 0 0 0
Total %5 After outbreak 13 5 7 3 35 8 5 1 5
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TRV e 24 24 W 55 7K ™= SR R R 0 24 00 T 25 4 1) XL
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et al, 2023),
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Correlation Analysis of Bacterial Community Structure and
Eco-Environmental Factorsin Water and Algae Along Qingdao Coast
Before and After the Outbreak of Ulva prolifera
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Abstract

Green tide is a harmful ecological phenomenon caused by the explosive proliferation or

high aggregation of certain large green agae (such as Ulva prolifera) in seawater under specific
environmental conditions, leading to discoloration of the water. The green tide formed by a large number
of floating algae can not be effectively disposed of in a short period of time, which will lead to the
accumulation and decay of green algae, thereby affecting the coastal ecological landscape. The outbreak
of U. prolifera has been one of the main causes of green tide occurrences in the Yellow Sea since 2008.
U. prolifera is an algal plant belonging to the family Ulvaceae, which has the characteristics of high
nutrient absorption efficiency, fast growth rate and strong reproductive ability, and is more competitive
than other species. The explosive proliferation of alarge number of U. prolifera during a short period of
time has a serious impact on marine environmental ecology, aquaculture, tourism and public health and

(D Corresponding author: WANG Yingeng, Email: wangyg@ysfri.ac.cn
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safety. The study mainly investigated the environmental physicochemical parameters, cultivable
microorganisms, dominant culture bacteria, and virulence and resistance genes of dominant bacteria in
water and algae samples collected before and after the outbreak of U. proliferain the main coastal areas of
Qingdao were investigated. Environmental physicochemical factors, including the coliform and fecal
coliform contents, chemical oxygen demand (COD), biochemical oxygen demand (BODs), ammonia
nitrogen (NH3s-N) levels, nitrite, active phosphate, inorganic nitrogen, cyanide, sulfide, arsenic, mercury,
copper, zinc, selenium, total chromium, nickel, cadmium, and lead ion levels, in the seawater were
assessed. At the same time, the levels of organic carbon, sulfides, coliforms, fecal coliforms, and mercury,
arsenic, cadmium, lead, zinc, copper, and chromium ions in the algae were measured. Research on
cultivable microorganisms included an assessment of the abundance and composition of cultivable
bacteria and Vibrio species in seawater and algae. The distribution of common virulence genes (VAC, vhh,
chxA, tlh, and flaA) and resistance genes (StrA, strB, QnrvVC, and sul2) in the dominant Vibrio bacteria was
examined to evaluate the potential virulence risk of the dominant Mibrio bacteria. Comparative anaysis
results showed that after the outbreak of U. prolifera, the COD, NHs-N, inorganic nitrogen, arsenic ion,
and active phosphate levels in the coastal waters of Qingdao increased significantly (P<0.05), and the
levels of dissolved oxygen and cadmium, lead, chromium, copper, and other metal ions decreased
significantly (P<0.05). The organic carbon content in the algal samples from the aggregated areas of
U. prolifera was lower than that from non-aggregated areas. In contrast, the content of coliforms, fecal
coliforms, sulfide, mercury, cadmium, zinc, and copper ions significantly increased compared to that in
open areas (P<0.05). Moreover, the proportion of Vibrio bacteria increased from 7% to 45%, representing
an increase of 38%. The bacterial identification results based on 16S rDNA showed that before the
outbreak of U. prolifera, there were 79 dominant bacterial and 62 Vibrio strains in the coastal waters
and algae bodies of Qingdao, belonging to 22 species. The main Vibrio species were V. gigantis,
V. tasmaniensis, and V. atlanticus. After the outbreak of U. prolifera, 79 dominant bacterial and 65 Vibrio
strains were isolated, belonging to 24 species, with the main Vibrio species being V. fortis, V. alginolyticus,
and V. owensii. The distribution of virulence genes (VAC, vhh, chxA, tlh, and flaA) and resistance genes
(strA, strB, QnrVC, and sul2) in dominant Vibrio bacteria isolated from water bodies and a gae before and
after the outbreak of U. prolifera was tested. The results showed that only two virulence genes, tlh and
flaA, were detected before the outbreak of U. prolifera, and no resistance genes were detected. Five
virulence genes and four resistance genes were identified after the outbreak of U. prolifera. Correlation
analysis between the number of cultivable bacteria and the environmental physicochemical factors in the
water and algae of Qingdao coastal waters before and after the outbreak of U. prolifera showed that the
abundance of cultivable bacteria and Vibrio species in the water and algae was correlated with
environmental factors such as temperature, pH, NHz-N, nitrite, inorganic nitrogen, active phosphate, total
chromium, and nickel. The results revealed the impact of the outbreak of U. prolifera on the bacterial
community structure and environmental ecology in the coastal environment of Qingdao. At the sametime,
the harmful microbial species caused by the outbreak of U. prolifera and the risk of virulence genes and
drug resistance genes carried by the outbreak of U. prolifera were evaluated. The relevant research results
provide a theoretical basis for the prevention and control of green tide, marine ecological protection,
healthy aguaculture in the coastal waters of the Yellow Sea and Bohai Sea.
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